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This invention, relates to optical filters, either 
Selective or neutral in their transmission charac 
teristics, 
The principal object of the invention is to pro 

vide a simple and economical optical filter whose 
transparency can be adjusted by the operator. 
Another object of the invention is to provide a 

neutral optical filter adjustable as to its trans 
missibility within definite limits. 
A further object of the invention is to provide 

a selective optical filter adjustable as to its trans 
missibility within definite limits. 
Further objects of the invention will be de 

scribed or will become apparent during the course 
of this specification. 

Essentially, the invention consists of a pair of 
flat elements juxtaposed face to face, each of said 
elements formed by a recurrent pattern of dark 
and light portions, and mechanical means where 
by said elements can be moved with respect to 
each other in their planes, thereby permitting a 
larger or Smaller amount of radiation to pass 
through the combined juxtaposed elements. 
A consideration of the following description and 

accompanying drawing will provide a better 
understanding of the invention. It must be 
understood at the outset, however, that the inven 
tion is not restricted in any manner to the par 
ticular forms described, that it is capable of more 
extended uses than those stated herein and that 
many modifications may be readily apparent to a 
person skilled in the art. 
In general reference to the drawing: 
Figures 1, 2, 3 and 4 illustrate the basic princi 

ples of the invention. 
Figure 5 shows a device embodying the inven 

tion. 
Figure 6 illustrates a modification of the device 

shown in Figure 5. 
Figure 7 is a section view at A-B on Figures 5 

and 6. 
Before entering into a detailed description of 

the invention, it should be understood that when 
ever the word 'optical' is used in this specifica 
tion or in the appended claims, it stands not only 
for radiations in the visibility region of the human 
eye, approximately from 380 to 780 millimicrons 
in wavelength, but also for radiations of wave 
length too short or too long to be perceived by the 
human retina. This will be apparent from the 
description of the invention, 

Referring more particularly to the drawing: 
In Figure 1, two flat elements and 2, made of 

metal, glass, quartz, gelatin film, Celluloid or 
Other materials, are shown juxtaposed Over One 

(Cl. 88-106) 
another face to face. Each of the elements and 
2 consists of a recurrent pattern of opaque and 
transparent rectangular portions 3 and 4. If the 
elements are made of an opaque material, such as 
sheet metal, the rectangles 3 are cut clear through 
the metal leaving the equivalent of a mesh of f rectangles, similar to a wire-gauze screen or sieve. 
If the elements are made of a transparent mate 
rial, Such as glass or gelatin film, the rectangles 3 
are opaque and made by printing, photographing, 
engraving or otherwise forming them on the 
transparent material. In Figure 1 the elements 
are shown as if made of opaque material, and 
Constitute Sieves of rectangular mesh. 
When the elements f and 2 are juxtaposed in 

such a manner that the rectangles 3 and opaque 
interstices 4 of one element coincide exactly with 
those of the other element, the combination will 
appear, by normal transmitted light, as if only 
One element were being observed. The amount of 
radiation transmitted in this case will depend 
Only upon the dimensions of the mesh formed by 
the rectangles 3 and interstices 4, as in a wire 
gauze Screen. In this case, the transmissibility 
of the combination will be the maximum. 

If element 2 is displaced a certain distance in 
its own plane with respect to element and in the 
direction of the diagonals of the rectangles 3, 
reaching a position such as that shown in Figure 
1, no longer will the rectangles and interstices of 
one element coincide with those of the second ele 
ment, and the amount of radiation transmitted 
by the combination will be smaller than in the 
case of exact correlation between the rectangles 
and interstices. The combination will have 
reached in that case, its minimum transmissibility. 

Intermediate positions of the elements between 
the extreme cases considered will have intermedi 
ate transmissibilities for radiation. By setting 
the elements at any such intermediate position, 
the transmissibility of the combination can be 
adjusted at will between the indicated maximum 
and minimum values. 
Two wire-gauze screens or sieves of square or 

rectangular mesh can be used as the elements 
and 2, but since in general, it is desirable that the 
elements be juxtaposed very close together so as 
to minimize the effects of parallax, the use of wire 
gauze screens, because of their thicknesses, is 
adaptable only to certain cases where parallax 
is of no importance, as with collimated light or 
with low speed optical systems. 
A similar condition occurs with the usual filters 

of glass or gelatin film employed in optical work. 
The transmissibility of such filters is determined 
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2 
for radiation incident normally to the filter's sur 
faces. When the system is used with optical 
filters of high speed, the rays that fall at an angle 
On the filter have to go through a greater thick 
ness than the normal rays. Consequently, the 
transmission is Smaller for the angular than for 
the normal rays. For example, a gelatin filter 
having a transmissibility of 50 percent for the 
normal rays will transmit only 48 percent for the 
outside rays if used with a system where the filter 
aperture equals the object or image distance from 
the filter. Besides, the reflection loss is slightly 
greater for the angular than for the normal rays. 
These effects are usually disregarded when using 
gelatin film or glass filters. 

Therefore, although the effect of parallax in my 
invention is probably greater than the effect just 
mentioned, it is probably of no great consequence 
in practical applications. 

In Figure 2, a similar combination as that of 
Figure 1 is shown, except that each of the flat 
juxtaposed elements 5 and 6 has a recurrent pat 
tern of Opaque and transparent circular portions 
and 8. Relative displacement of the elements 

a certain distance in a diagonal direction and 
in their own planes, will vary the transmissibil 
ity of the combination from the maximum value 
obtained when the circles of element 5 coincide 
with those of element 6, to a minimum value 
which depends upon the dimensions of the pat 
tern. 

Figure 3 shown another possible combination. 
Instead of the rectangles of Figure 1 or the cir 
cles of Figure 2, each of the flat juxtaposed ele 
ments 9 and 0 has a recurrent pattern formed 
by opaque and transparent triangles . Dis 
placement of element 9 with respect to element 
fo a certain distance in its own plane and in 
a direction parallel to the bases of triangles f, 
Will vary the transmissibility of the combina 
tion from the maximum value which results when 
the triangles coincide, to a minimum value. Ob 
viously, if the Opaque portions are absolutely 
opaque and the transparent portions absolutely 
transparent, the minimum value is Zero and the 
maximum value is one-half. 
In Figure 4 is illustrated still another arrange 

ment. Instead of circles, rectangles Or triangles, 
the flat juxtaposed elements 2 and 3 have 
recurrent patterns formed by alternately opaque 
and transparent circular Sectors 4 arranged 
about a common axis, as shown. Relative rota 
tional displacement of element 3 with respect to 
element 2 about said axis will be the equivalent 
of opening or closing the Sectors, thereby vary 
ing the transmissibility of the combination. 
Here again, there is a maximum and a minimum 
value of transmission. 

Consequently, by means of two flat juxtaposed 
elements f and 2, 5 and 6, 9 and O, or 2 and 
3, I obtain an optical filter whose transparency 
can be adjusted at will within certain definite 
limits. 
The considerations regarding the material of 

which the elements are made, and the character 
of the pattern, which were given regarding the 
combination of Figure 1, are obviously applicable 
also to the combinations of Figures 2, 3 and 4. 
It is also obvious that the patterns described are 
only representative of the many patterns which 
it is possible to use in the invention. 
Two other points should be mentioned here. 

First, that it is not necessary that the patterns be 
identical in both elements; for example, One ele 

is ment may have a rectangular pattern and the 

2,186,208 
other may have a circular pattern. Second, that 
the opaque portions may not be absolutely 
opaque, but may possess a certain transparency, 
and the transparent portions may not be abso 
lutely transparent but may have selective 
absorption and transmission characteristics. 
Therefore, whenever the words opaque and trans 
parent are used in this specification, they stand 
in reality for less diaphanous and more diapha 
nous, respectively. 
In the manner explained, an infinite number 

of combinations may be secured, from non-se 
lective (neutral) filters to selective filters, and of 
any desired transparency, except unity. 
The transmission of the combination of reg 

ular patterns Such as those shown in Figures 1, 
2, 3 and 4 can be mathematically calculated. 
This represents a great advantage of the inven 
tion, since it makes possible to calculate before 
hand and with precision, the characteristics of 
the filter. 
For example, in the combination of Figure 1, 

of rectangular pattern, if the elements and 2 
are of opaque material (zero transparency) and 
the rectangles 3 are cut clear through the ma 
terial (100 percent transparency), and if M and 
M' represent the meshes (number of rectangles 
per unit length) in the vertical and horizontal 
directions respectively, and A and A' stand for 
the vertical and horizontal dimensions of the 
rectangles, respectively, the maximum value of 
the transmission is given by the expression: 

(1-MA) (1-MA') 
and the minimum value by the expression: 

(1-2MA) (1-2M'A') 
Corresponding expressions can be derived for 

the transparency of the other patterns. 
There are Several mechanical devices that can 

be used for producing the relative displacement 
of the filter elements. Only two such devices 
will be described. They are illustrated in Fig 
lures 5, 6 and 7. 

In Figure 5, a movable frame 5 carries one of 
the flat filter elements which are shown juxta 
posed at 6 as a wire-gauze screen. Frame 5 
is movable along the vertical direction along slid 
ers T and 8, which are attached to a frame 9 
and thereby hold both frames together. Fixed 
as shown to frame 9 is a screw-nut bracket 20 
which carries a micrometer Screw 2. The head 
or knob. 22 of screw 2 carries a scale 23. On 
frame f 9 is also fixed as shown a spring 24 which 
acts on frame 5 and holds it against the end 
of screw 2. On frame 9 is also fixed the sec 
ond flat filter element, directly below the element 
carried by frame fS. - 
The Operation of the device is very simple. 

The motion of screw 2 and the opposing action 
of Spring 24 cooperate to move frame 5 along 
the vertical direction. The juxtaposed elements, 
therefore, will move relative to each other and 
produce the desired results. 
The device illustrated in Figure 5 is applicable 

only to those cases where the displacement of 
the filter elements is rectilinear. For rotational 
displacement of the filter elements, such as is 
the case with elements 2 and 3 of Figure 4, the 
modification shown in Figure 6 is applicable. 
In Figure 6, a rotatable frame 25 carrying one 

of the juxtaposed filter elements, which consist 
of circular Sectors 26, is held against a second 
frame 27 by means of a circular slider member 
28 which is fixed to frame 2. A bracket 29, also 
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2,186,208 3 
fixed to frame 27, carries a worm 30 which en 
gages a toothed rack integral with the rotatable 
frame 25, as shown. Worm 30 is rotated by 
means of knob. 3 which carries a scale like that 
of knob. 22 of Figure 5. Rotation of knob 3 
Will produce the desired rotational displacement 
of frame 25 about its axis. 

Figure 7 is a section view along line A-B of 
Figure 5 or 6. It shows the fixed frame 32 carry 
ing the filter element 36, the sliders 33, the mov 
able frame 34 which carries the filter element 35. 
With the construction shown, the two filter ele 
ments are juxtaposed closely together and face to 
face, which is the desired aim. 
The Scales carried by knobs 22 and 3 of Fig 

lures 5 and 6 will serve to give an indication of the 
position of the filter elements with respect to each 
other. Therefore, the Scales can be calibrated in 
terms of the transparency of the combined juxta 
posed elements, and any desired transparency of 
the combination can be readily reproduced by 
simply rotating the knobs 22 or 3 up to the cor 
responding calibrated position of the scales. 
The invention is particularly useful as a neu 

tral filter. In fact, it permits the control of the 
intensity of radiation in a known and definite 
manner without affecting the quality of the radi 
ation. The usual neutral tint filters are really 
non-Selective for only a certain spectral region; 
outside of that region, they show marked peaks of 
absorption or transmission, particularly in the 
infra-red. In my invention, the use of absolutely 
neutral filter elements, such as wire-gauze 
Screens and perforated metal sheets, eliminates 
those restrictions entirely. For example, two No. 
325 sieves of the Standard screen scale, show a 
maximum transmission of 30 percent and a mini 
mum transmission of 1 percent when used as the 
filter elements of my invention; and, obviously, 
throughout this transmission range, the filter is 
absolutely neutral. The use of quartz and corex 
glass plates, which are transparent to the ultra 
violet, as the material for the filter elements, also 
results in a practically neutral filter. For the 
visible region of the spectrum and the infra-red, 
the filter elements can be made of gelatin film 
or glass, which are non-selective in those regions. 

It is clear, then, from the preceding description 
and drawing, that I have provided a simple, eco 
nomical and fool-proof optical filter of selec 
tive or non-selective, variable and accurately ad 
justable transparency. 
I claim: 
1. An optical filter of continuously variable 

transparency within fixed limits comprising a pair 
of flat elements juxtaposed face to face, each of 
said elements consisting of a frame carrying a 
screen of rectangular mesh, and means for dis 
placing Said elements relative to each other in 
a direction diagonal to said mesh and in the plane 
of the elements, said means being calibrable in 
terms of the transparency of the combined juxta 
posed elements. 

2. An optical filter of continuously variable 
transparency within fixed limits comprising a 
pair of flat elements juxtaposed face to face, each 
of said elements consisting of a frame carrying 
a Screen of rectangular mesh, and micrometer 
means for displacing said elements relative to 
each other in a diagonal direction to said mesh 
and in their plane, said micrometer means being 
calibrable in terms of the transparency of the 
combined juxtaposed Screens. 

3. An optical filter of continuously variable 
transparency within fixed limits comprising a 
pair of identically patterned elements juxtaposed 
face to face, each of said elements consisting of 
a frame carrying a screen of rectangular mesh, 
and micrometer means for displacing said ele 
ments relative to each other in a direction diago 
nal to said mesh and in their plane, Said means 
being calibrable in terms of the transparency of 
the combined juxtaposed elements. 

4. An optical filter of continuously variable 
transparency within fixed limits consisting of a 
pair of flat wire-gauze Screens of rectangular 
mesh juxtaposed face to face, micrometer means 
for rectilineally displacing the screens relative to 
each other in a direction diagonal to Said rectan 
gular mesh and in the plane of the Screens, said 
means being calibrable in terms of the trans 
parency of the combined juxtaposed Screens. 
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